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1. 

CARDAC RHYTHM MANAGEMENT 
SYSTEM WITH PREVENTION OF DOUBLE 

COUNTING OF EVENTS 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 10/818,027, filed on Apr. 5, 2004, now issued as 
U.S. Pat. No. 7,373.203, which is division of U.S. patent 
application Ser. No. 09/801.295, filed on Mar. 7, 2001, now 
issued as U.S. Pat. No. 6,754,534, which is a division of U.S. 
patent application Ser. No. 09/294,725, filedon Apr. 19, 1999, 
now issued as U.S. Pat. No. 6,240,313, the specifications of 
which are incorporated herein by reference. 

TECHNICAL FIELD 

This invention relates generally to cardiac rhythm manage 
ment systems and particularly, but not by way of limitation, to 
a cardiac rhythm management system that prevents double 
counting of one or more of intrinsic or paced events. 

BACKGROUND 

When functioning properly, the human heart maintains its 
own intrinsic rhythm, and is capable of pumping adequate 
blood throughout the body's circulatory system. However, 
Some people have irregular cardiac rhythms, referred to as 
cardiac arrhythmias. Such arrhythmias result in diminished 
blood circulation. One mode of treating cardiac arrhythmias 
uses drug therapy. Drugs are often effective at restoring nor 
mal heart rhythms. However, drug therapy is not always 
effective for treating arrhythmias of certain patients. For such 
patients, an alternative mode of treatment is needed. One Such 
alternative mode of treatment includes the use of a cardiac 
rhythm management system. Such systems are often 
implanted in the patient and deliver therapy to the heart. 

Cardiac rhythm management systems include, among 
other things, pacemakers, also referred to as pacers. Pacers 
deliver timed sequences of low energy electrical stimuli, 
called pace pulses, to the heart, Such as via a transvenous 
leadwire or catheter (referred to as a “lead') having one or 
more electrodes disposed in or about the heart. Heart contrac 
tions are initiated in response to Such pace pulses (this is 
referred to as “capturing the heart). By properly timing the 
delivery of pace pulses, the heart can be induced to contract in 
proper rhythm, greatly improving its efficiency as a pump. 
Pacers are often used to treat patients with bradyarrhythmias, 
that is, hearts that beat too slowly, or irregularly. 

Cardiac rhythm management systems also include cardio 
verters or defibrillators that are capable of delivering higher 
energy electrical stimuli to the heart. Defibrillators are often 
used to treat patients with tachyarrhythmias, that is, hearts 
that beat too quickly. Such too-fast heart rhythms also cause 
diminished blood circulation because the heart isn't allowed 
sufficient time to fill with blood before contracting to expel 
the blood. Such pumping by the heart is inefficient. A defibril 
lator is capable of delivering an high energy electrical stimu 
lus that is sometimes referred to as a defibrillation counter 
shock. The countershock interrupts the tachyarrhythmia, 
allowing the heart to reestablish a normal rhythm for the 
efficient pumping of blood. In addition to pacers, cardiac 
rhythm management systems also include, among other 
things, pacer/defibrillators that combine the functions of pac 
ers and defibrillators, drug delivery devices, and any other 
systems or devices for diagnosing or treating cardiac arrhyth 
18S 
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2 
One problem faced by cardiac rhythm management sys 

tems is the treatment of congestive heart failure (also referred 
to as “CHF). Congestive heart failure, which can result from 
long-term hypertension, is a condition in which the walls of at 
least one side (e.g., the left side) of the heart become thin. As 
a result, the left atrium and left ventricle become dispropor 
tionately enlarged. The heart muscle associated with the left 
atrium and Ventricle displays less contractility. This decreases 
cardiac output of blood through the circulatory system which, 
in turn, may result in an increased heart rate and less resting 
time between heartbeats. The heart consumes more energy 
and oxygen, and its condition typically worsens over a period 
of time. 
As one side of the heart (e.g., the left side) becomes dis 

proportionately enlarged, the intrinsic electrical heart signals 
that control heart rhythm are also affected. Normally, such 
intrinsic signals originate in the sinoatrial (SA) node in the 
upper right atrium, traveling through and depolarizing the 
atrial heart tissue such that resulting contractions of the right 
and left atria are triggered. The intrinsic atrial heart signals are 
received by the atrioventricular (AV) node which, in turn, 
triggers a Subsequent ventricular intrinsic heart signal that 
travels through and depolarizes the ventricular heart tissue 
Such that resulting contractions of the right and left ventricles 
are triggered substantially simultaneously. 
Where one side (e.g., the left side) of the heart has become 

disproportionately enlarged due to congestive heart failure, 
however, the Ventricular intrinsic heart signals may travel 
through and depolarize the left side of the heart more slowly 
than in the right side of the heart. As a result, the left and right 
ventricles do not contract simultaneously, but rather, the left 
ventricle contracts after the right ventricle. This delay 
between right ventricular and left ventricular contractions 
reduces the pumping efficiency of the heart due to movement 
of the septal wall between right and left sides of the heart. 
Congestive heart failure may also result in another symptom, 
that is, an overly long delay between atrial and Ventricular 
contractions. This too-long delay between atrial and Ventricu 
lar contractions also reduces the pumping efficiency of the 
heart. There is a need to provide congestive heart failure 
patients with therapy that improves heart pumping efficiency. 

Conventional cardiac rhythm management techniques, 
however, are typically directed toward treating the right side 
of the heart, which pumps blood to the lungs. For example, 
endocardial leads are typically designed to be inserted via the 
Superior vena cava into one or more of the right atrium and 
right ventricle. Because the left side of the heart pumps blood 
throughout the patient’s peripheral circulatory system, pres 
sures are typically higher in the left side of the heart than on 
the right side of the heart. Because access to the left side of the 
heart is more difficult, and because a thrombus forming on a 
left side lead could cause a stroke or a myocardial infarction, 
it is typically very difficult to chronically implant an endocar 
dial catheter leads directly into the left atrium and left ven 
tricle of the heart. 

Another problem with treating congestive heart failure 
patients involves sensing intrinsic heart signals. Cardiac 
rhythm management devices typically sense intrinsic atrial 
and Ventricular heart signals, and adjust the therapy being 
delivered to the heart based at least in part on events detected 
from these sensed signals or from the delivery of the therapy 
itself. Such events are also referred to as “beats,” “activa 
tions.” “depolarizations, or “contractions.” and are sensed 
via one or more electrodes located at or near that portion of 
the heart from which the sensed signals are to be obtained. 
Atrial depolarizations are also referred to as “P-waves.” Ven 
tricular depolarizations are also referred to as “QRS com 
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plexes, or “R-waves.” Congestive heart failure, however, 
may result in a significant delay between right and left ven 
tricular contractions, as discussed above. Such delays not 
only decrease the pumping efficiency of the heart, they may 
also result in the sensing of a right ventricular depolarization 
that is separated in time from a sensed left ventricular depo 
larization. 

In order to properly deliver therapy to the heart based on 
sensed events, the cardiac rhythm management system must 
be able to distinguish between sensed right and left ventricu 
lar depolarizations that are separated in time because of 
delayed conduction through an enlarged left ventricle, and 
Successive depolarizations originating in the same heart 
chamber that represent Successive contractions of the same 
heart chamber. For example, if the cardiac rhythm manage 
ment system mistakenly recognizes a right ventricular depo 
larization followed shortly by a left ventricular depolarization 
as a pair of successive right ventricular depolarizations, then 
therapy (Such as, for example, a defibrillation countershock) 
may be delivered inappropriately, particularly if this behavior 
is sensed repeatedly over several cardiac cycles. Because 
defibrillation countershocks are typically quite painful to the 
patient and may further irritate the heart, the inappropriate 
delivery of defibrillation countershocks should be avoided, if 
possible. 
Similarly, therapy (Such as, for example, a pacing stimulus) 
may be inappropriately withheld (i.e., “inhibited') because 
the left ventricular depolarization is mistaken for a subse 
quent right ventricular depolarization. There is a need for 
improved sensing and event recognition techniques that 
reduce the likelihood that left ventricular depolarizations are 
mistakenly recognized as right ventricular depolarizations (or 
Vice-versa) so that the cardiac rhythm management system 
can provide appropriate therapy to the patient based on sensed 
eVentS. 

SUMMARY 

This document discloses, among other things, a cardiac 
rhythm management system that recognizes patterns of inter 
Val durations, allowing it to distinguish between events occur 
ring in different heart chambers, even though signals associ 
ated with those different heart chambers are processed using 
a commonly shared sensing circuit. The pattern recognition 
techniques allow the therapy delivery algorithms to ignore 
intervals between cardiac events occurring in different heart 
chambers when determining a cardiac rate upon which the 
delivery of therapy is based. This reduces the risk of inappro 
priate delivery of therapy to the patient. For example, delayed 
conduction left ventricular beats are not erroneously recog 
nized as a Subsequent right ventricular beat, preventing Such 
short intervals frominappropriately triggering a defibrillation 
countershock. 
One aspect of the present system includes a method. The 

system detects cardiac events. The system obtains a current 
interval between a current cardiac event and a previous car 
diac event. The system classifies the current interval into at 
least first and second categories, based on a duration of the 
current interval. The system determines timing of the delivery 
of output energy based on whether a previous interval is in the 
first category and the current interval is in the second cat 
egory. The system then stores the current interval as the pre 
vious interval. 

In one embodiment, the system includes a first sensing 
circuit, adapted for being coupled to first and second leads for 
sensing heart signals from respective first and second heart 
chambers. A therapy circuit is adapted for being coupled to 
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4 
the first and second leads for delivering therapy to the respec 
tive first and second heart chambers. A controller controls 
delivery of therapy by the therapy circuit based at least in part 
on signals received by the first sensing circuit. The controller 
includes a classification module, classifying previous and 
current intervals between cardiac events based on duration. 
The controller also includes a pattern recognition module, 
recognizing patterns in the current and previous intervals 
based on their classification. The controller further includes a 
therapy delivery control module, controlling delivery of 
therapy based the intervals between cardiac events, and ignor 
ing the current interval based on a classification of the current 
and previous intervals. Other aspects of the invention will be 
apparent on reading the following detailed description of the 
invention and viewing the drawings that form a part thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, like numerals describe Substantially simi 
lar components throughout the several views. Like numerals 
having different letter suffixes represent different instances of 
Substantially similar components. 

FIG. 1 is a schematic drawing illustrating one embodiment 
of portions of a cardiac rhythm management system and an 
environment in which it is used. 

FIG. 2 is a schematic drawing illustrating generally one 
embodiment of portions of a cardiac rhythm management 
device coupled by leads to a heart. 

FIG. 3 illustrates generally one possible series of event 
markers occurring over a period of time. 

FIG. 4 is a state diagram illustrating generally one tech 
nique of controlling a counter based on classifications of 
intervals between cardiac events. 

FIG. 5 is a state diagram illustrating generally another 
technique of controlling a counter based on classifications of 
intervals between cardiac events. 

FIG. 6 is a schematic drawing illustrating generally another 
embodiment of portions of a cardiac rhythm management 
device providing atrial and biventricular operation. 

FIG. 7 is a schematic drawing illustrating generally a fur 
ther embodiment of portions of a cardiac rhythm manage 
ment device providing biatrial and biventricular operation. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings which form a part hereof, and in 
which is shown by way of illustration specific embodiments 
in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the 
art to practice the invention, and it is to be understood that the 
embodiments may be combined, or that other embodiments 
may be utilized and that structural, logical and electrical 
changes may be made without departing from the spirit and 
scope of the present invention. The following detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is defined by the 
appended claims and their equivalents. In the drawings, like 
numerals describe Substantially similar components through 
out the several views. Like numerals having different letter 
suffixes represent different instances of substantially similar 
components. 

GENERAL SYSTEM OVERVIEW AND 
EXAMPLES 

This document describes, among other things, a cardiac 
rhythm management system that provides improved sensing 
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and event recognition techniques. The techniques disclosed 
in this document reduce the likelihood that left side depolar 
izations, for example, are mistakenly recognized as right side 
depolarizations (or Vice-versa). As a result, the present car 
diac rhythm management system can provide more appropri 
ate therapy to the patient based on sensed events. 

FIG. 1 is a schematic drawing illustrating, by way of 
example, but not by way of limitation, one embodiment of 
portions of a cardiac rhythm management system 100 and an 
environment in which it is used. In FIG. 1, system 100 
includes an implantable cardiac rhythm management device 
105, also referred to as an electronics unit, which is coupled 
by an intravascular endocardial lead 110, or other lead, to a 
heart 115 of patient 120. System 100 also includes an external 
or other remote programmer 125 providing wireless commu 
nication with device 105 using a telemetry device 130. Cath 
eter lead 110 includes a proximal end 135, which is coupled 
to device 105, and a distal end 140, which is coupled to one or 
more portions of heart 115. 

FIG.2 is a schematic drawing illustrating generally, by way 
of example, but not by way of limitation, one embodiment of 
portions of device 105 coupled by leads 110A-B to heart 115, 
which includes a right atrium 200A, a left atrium 200B, a right 
ventricle 205A, a left ventricle 205B, and a coronary sinus 
202 extending from right atrium 200A. In this embodiment, 
right ventricular lead 110A includes one or more electrodes 
(electrical contacts) disposed in, around, or near right ven 
tricle 205A of heart 115, such as one or more of a ring, tip, 
coil, or other electrode, for sensing signals or delivering one 
or more of pacing, defibrillation, countershock, cardiover 
Sion, or anti-tachyarrhythmia pacing (ATP) therapy to right 
ventricle 205A. 

In FIG. 2, a left ventricular lead 110B includes one or more 
electrodes disposed in, around, or near left ventricle 205B of 
heart 115. Such as one or more of a ring, tip, coil or other 
electrode, for sensing signals or delivering one or more of 
pacing, defibrillation countershock, cardioversion, or anti 
tachyarrhythmia pacing therapy to left ventricle 205B. 
Device 105 includes components that are enclosed in a her 
metically-sealed can. Additional electrodes may be located 
on the can, or on an insulating header, or on other portions of 
device 105, for providing one or more of unipolar or bipolar 
pacing or defibrillation energy in conjunction with the elec 
trodes disposed on or around heart 115. Other forms of elec 
trodes include meshes, patches, and Screw-in tips which may 
be applied to endocardial or epicardial portions of heart 115 
or which may be implanted in other areas of the body to help 
“steer' electrical currents produced by device 105. The 
present method and apparatus will work in a variety of con 
figurations and with a variety of electrical contacts or “elec 
trodes. 

FIG. 2 illustrates a single-channel embodiment in which at 
least one conductor of right ventricular lead 110A is electri 
cally coupled to at least one conductor of left ventricular lead 
110B, such that electrodes associated with right ventricle 
205A and left ventricle 205B share a common ventricular 
sensing circuit 210 and a common ventricular therapy circuit 
215. Variations of the illustrated single-channel embodiment 
include other channels (e.g., associated with other heart 
chambers), but at least one of the channels is coupled to 
electrodes at two different locations, such as within two dif 
ferent chambers of heart 115. In one example, leads 110A-B 
are implemented as a single lead that is bifurcated to allow 
disposition of electrodes at different locations, such as asso 
ciated with two different chambers of heart 115. In another 
example, leads 110A and 110B are separate leads that are 
received at receptacles at a header portion of device 105, but 
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6 
at least one conductor of lead 110A is electrically coupled to 
at least one conductor of lead 110B within the header or 
elsewhere in device 105, or using an adapter located in the 
lead 110. In one embodiment, right ventricular lead 110A is 
an intravascular endocardial lead with an electrode disposed 
near the apex of right ventricle 205A, and left ventricular lead 
110B is an epicardial lead with a screw-in or other electrode 
associated with left ventricle 205B. In another embodiment, 
however, left ventricular lead 110B is an intravascular 
endocardial lead that introduced into the coronary sinus 202. 
This lead 110B is then extended into the great cardiac vein 
Such that an intravascular electrode is associated with tissue 
of left ventricle 205B. 

In FIG. 2, device 105 also includes a communication inter 
face 220. Such as a circuit for communicating with remote 
programmer 125 via telemetry device 130. Ventricular sens 
ing circuit 210 receives intrinsic heart signals from leads 
110A-B, but because the conductors of leads 110A-B are 
electrically intercoupled, sensing circuit 210 receives no 
other independent information regarding the chamber in 
which the sensed signals originated. Controller 225 includes 
one or more of hardware modules, software modules, firm 
ware modules, or other components or executable instruc 
tions. Various modules are illustrated conceptually in FIG. 2 
as blocks, but some of these modules are understood to 
include one or more sequences of steps carried out on con 
troller 225, such as by executing stored microcode or other 
instructions. 

Controller 225 receives one or more signals from ventricu 
lar sensing circuit 210 that include information about sensed 
Ventricular events. Based on sensed events, among other 
things, portions of the algorithms executed by controller 225 
determine timing of delivering pacing, defibrillation, or other 
therapy, and also determine other therapy parameters. 
Accordingly, controller 225 provides control signals to 
therapy circuit 215 for controlling the delivery of output 
energy or other therapy to heart 115. Such therapy includes, 
for example, pacing energy pulses delivered simultaneously 
to right and left ventricles 205A-B. In another example, such 
therapy includes cardioversion/defibrillation/countershock 
energy pulses delivered simultaneously to right and left ven 
tricles 205A-B. 

Controller 225 computes intervals between cardiac events, 
Such as paced or sensed Ventricular (right or left) events. A 
memory location, such as second register 235, stores a current 
ventricular interval. The current ventricular interval is the 
time between the most recently detected ventricular event, 
V, and an immediately preceding ventricular event, V. It is 
unknown whether such ventricular events are associated with 
right ventricle 205A or left ventricle 205B, because ventricu 
lar sensing circuit 210 interfaces to these chambers by elec 
trodes that are electrically intercoupled. A memory location, 
such as first register 230, stores a previous ventricular inter 
val. The previous ventricular interval is the time between the 
Ventricular event, V., and an associated immediately pre 
ceding ventricular event, V. 

Pattern recognition module 240 classifies each of the pre 
vious and current intervals based on their respective dura 
tions. The pattern recognition module 240 also evaluates each 
pair of previous and current (previous-current') intervals 
based on the assigned classification, as discussed below. Pat 
tern recognition module 240 increments, decrements, and 
holds a count value stored in up-down counter 245 (also 
referred to as a pattern counter 245) based on the evaluation of 
the classification assigned to the intervals. The algorithm 
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carried out within controller 225 bases the delivery of output 
energy by therapy circuit 215 on, among other things, the 
count value of counter 245. 

Controller 225 also includes a therapy delivery control 
module 250, which executes a therapy delivery algorithm for 
determining the timing and other parameters of pacing 
therapy, anti-tachyarrhythmia therapy Such as defibrillation 
countershocks or anti-tachyarrhythmia pacing (ATP), or 
other therapy. In one embodiment, therapy delivery module 
250 includes a tachyarrhythmia event counter 255 that counts 
short cardiac intervals for diagnosing tachyarrhythmias and 
triggering appropriate anti-tachyarrhythmia therapy. 

FIG. 3 illustrates generally, by way of example, but not by 
way of limitation, one possible series of event markers occur 
ring over a period of time. These markers represent an 
example of the occurrence of one possible set of events sensed 
by ventricular sensing circuit 210 or delivered by ventricular 
therapy circuit 215 over a period of time. Each event markers 
is described according to characteristics of the event it repre 
sents. In one example, an intrinsic right ventricular depolar 
ization 300A at time t results from intrinsic heart signals 
conducted from the right atrium, through theatrio-ventricular 
node, the septum, and the right ventricle. Sensed right ven 
tricular depolarization 300A initiates a post-sense refractory 
period 305A, during which time sensed signals are ignored, 
because it is unlikely that such signals represent another 
Ventricular depolarization during that time. The post-sense 
refractory period 305A expires at time t, after which time 
sensed signals are no longer ignored by device 105. 
At timet, another intrinsic right ventricular depolarization 

300B results from intrinsic heart signals conducted from the 
right atrium, through the atrio-ventricular node, the septum, 
and the right ventricle. Right ventricular depolarization 300B 
initiates another post-sense refractory period 305B, which 
expires at time ta. In a patient with congestive heart failure, 
however, the same intrinsic signal that resulted in right ven 
tricular depolarization 300B is conducted more slowly along 
the left side of the heart because the left side of the heart is 
enlarged. This results in a delayed left ventricular depolariza 
tion 310A at timets. In many patients, the delay in conduction 
in left ventricle 205B is long enough that the delayed left 
ventricular depolarization 310A occurs after expiration of the 
post-sense ventricular refractory period 305B. In a single 
channel system, where right and left ventricular leads 110A 
B, are tied together, it is possible that the delayed left ven 
tricular depolarization 310A is mistaken for another 
occurrence of a right ventricular depolarization. In Such a 
case, if device 105 erroneously computes ventricular heart 
rate based on the intervalts -ts, the computed heart rate would 
be extremely fast. The interval ts-t does not correspond to an 
interval between Ventricular events occurring in the same 
chamber (e.g., the right ventricle), but rather, to Ventricular 
events occurring in different chambers (e.g., the right and left 
ventricles). 

This pattern of events can occur repeatedly, as illustrated 
by the subsequent event markers in FIG. 3. In such a case, 
intervals to-t, and t-t also provide erroneous indications 
of extremely fast ventricular heart rates. These erroneous 
indications of a fast ventricular heart rate can result in, among 
other things, the inappropriate delivery of anti-tachyarrhyth 
mia therapy. There is a need for finding some basis of distin 
guishing between erroneously indicated fast ventricular rates, 
and actual high Ventricular rates. This need is particularly 
strong in a single channel device in which conductors and 
sense amplifiers are shared between left and right ventricles. 
In Such a single-channel device, the same sense amplifier 
detects events from more than one chamber, and intervals 
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8 
between events in different chamber may be mistaken for 
events occurring in the same chamber. 

Furthermore, device 105 should recognize and respond to 
the problem pattern of FIG. 3 without increasing the duration 
of the post-sense refractory periods 305. Extending the post 
sense refractory periods 305 so that they are long enough to 
encompass the expected delayed left ventricular contractions 
would also blind device 105, for a longer period of time, to 
Successive right ventricular senses that actually do occur at 
high rates. Thus, extending the post-sense refractory periods 
305 may increase the time before a tachyarrhythmia is rec 
ognized and treated, or it may result in a failure to recognize 
and properly treat the tachyarrhythmia altogether. 
One aspect of the present system recognizes a pattern 

among the durations of intervals between cardiac events. The 
system uses this pattern of interval durations to distinguish 
intervals concluded by delayed left ventricular contractions 
310 from intervals concluded by actual right ventricular con 
tractions 300. This allows device 105 to accurately determine 
heart rate based on events occurring in the same heart cham 
ber, even when using a shared sensing circuit 210 that detects 
events associated with more than one heart chamber. 

First, pattern recognition module 240 classifies intervals 
between cardiac events into at least two categories based on 
duration. In one example, each cardiac interval is compared to 
a predetermined comparison value T. Such as, for example, 
T=500 milliseconds, or other suitable value. Intervals 
shorter than T are classified as “short,” and intervals longer 
than T are classified as "long’. In one embodiment, intervals 
equal to T are included in the “short category, however, such 
intervals could alternatively be included in the “long cat 
egory. In one embodiment, the value of T is user program 
mable, allowing adjustment of long and short classifications 
to Suit the needs of the particular patient. 

Second, pattern recognition module 240 uses the interval 
classifications to distinguish Successive events occurring in 
the same chamber from Successive events occurring in differ 
ent chambers, so that therapy delivery algorithms do not 
erroneously consider intervals between events occurring in 
different heart chambers as being indicative of heart rate in a 
single heart chamber. In one embodiment, classifications of 
pairs of previous and current intervals (also referred to as 
previous-current interval pairs) are used to remove Such erro 
neous intervals from consideration by the therapy delivery 
algorithms. 

In one example, classifications of previous and current 
intervals are paired inputs used to increment, decrement, or 
hold the count of up-down counter 245. FIG. 4 is a state 
diagram illustrating generally, by way of example, but not by 
way of limitation, one technique of controlling counter 245 
based on the classifications of previous and current intervals. 
FIG. 4 illustrates the states of the previous interval, i.e., along 
state 400 and a short state 405. Transitions between these 
states are indicated by arrows, with corresponding text 
describing how counter 245 is affected during such transi 
tions. 

Transition 410 illustrates how counter 245 is affected if the 
previous interval is long and the current interval is short. For 
Such a long-then-short previous-current interval pair, if the 
count value stored in counter 245 is less than a predetermined 
value C, such as, for example, C-3, then counter 245 is 
incremented. Otherwise, the count value stored in counter 
245 is equal to the predetermined value C, in which case the 
current interval is disregarded by the therapy delivery algo 
rithm. Stated differently, pattern recognition module 240 rec 
ognizes a long interval followed by a short interval. If a 
Sufficient amount of long-then-short previous-current inter 
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Val pairs are detected over a period of time, pattern recogni 
tion module 240 deems the current short interval as resulting 
not from same chamber depolarizations, but rather, as result 
ing from depolarizations associated with different chambers. 
Such a short interval is inappropriate for computing a heart 
rate upon which therapy delivery is based, because it does not 
represent a time between cardiac events occurring in the same 
heart chamber. 

Transition 415 illustrates how counter 245 is affected if the 
previous and current intervals are both short. For such a 
short-then-short previous-current interval pair, if the count 
value stored in counter 245 is greater than a predetermined 
value C, such as, for example, C=0, then counter 245 is 
decremented. Otherwise, the count value stored in counter 
245 is equal to the predetermined value C, and the count 
value of counter 245 is not modified. 

Transition 420 illustrates how counter 245 is affected if the 
previous and current intervals are both long. For Such along 
then-long previous-current interval pair, if the count value 
stored in counter 245 is greater than a predetermined value 
C, such as, for example, C-0, then counter 245 is decre 
mented. Otherwise, the count value stored in counter 245 is 
equal to the predetermined value C, and the count value of 
counter 245 is not modified. 

Transition 425 illustrates how counter 245 is affected if the 
previous interval is short and the current interval is long. For 
Such a short-then-long previous-current interval pair, the 
count value Stored in counter 245 is not changed. 

Referring again to FIG. 3, in a congestive heart failure 
patient, there is loss of synchrony between the right and left 
Ventricular depolarizations, due to enlargement of the left 
side of the heart, which results in delayed conduction of 
signals through the left side of the heart. As a result, the same 
ventricular depolarization wavefront travels more slowly 
through the left side of the heart than through the right side of 
the heart. This results in the detection of right ventricular 
depolarization 300B followed by an independent delayed 
conduction left ventricular depolarization 310A. If each inter 
val concluded by a delayed conduction left ventricular depo 
larization 310 (e.g., ts-t, to-tz, t-t) is shorter than or 
equal to (or, alternatively, shorter than) T, then each Such 
interval will be classified as short. If each interval concluded 
by a right ventricular depolarization 300 (e.g., t, -ts, t-to) is 
longer than (or alternatively, longer than or equal to)T, then 
each Such interval will be classified as long. 
By choosing the appropriate value of T, it is possible to 

discriminate between intervals concluded by right ventricular 
depolarizations 300 and intervals concluded by left ventricu 
lar depolarizations 310, because they are classified as long 
and short, respectively. Further discrimination is provided by 
noting that a delayed conduction left ventricular depolariza 
tion is manifested by a short interval that follows a long 
interval. Such a pattern is recognized by pattern recognition 
module 240. As described above with respect to FIG. 4, a 
counter is used to recognize the occurrence of this repeating 
pattern of long-then-short intervals. Pattern recognition mod 
ule 240 increments the counter for a long-then-short previ 
ous-current interval pair, decrements the counter for a long 
then-long or a short-then-short previous-current interval pair, 
and holds the count value for a short-then-long previous 
current interval pair. By so doing, pattern recognition module 
240 is capable of recognizing a number of long-then-short 
previous-current interval pairs occurring closely in time, 
before directing the therapy delivery algorithm to ignore the 
short current interval. However, it is understood that count 
value C is programmable. For C-1 a single long-then-short 
previous-current interval pair is all that is needed to direct the 
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10 
therapy delivery algorithm to ignore the short current interval. 
For larger values of C, more than one long-then-short previ 
ous-current interval pairis required to ignore the short current 
interval. By using an up-down counter 245 and C>1, at least 
two Successive long-then-short previous-current interval 
pairs is required to ignore the short current interval. 

Controller 225 includes a therapy delivery control module 
250, which executes a therapy delivery algorithm. In one 
embodiment, the therapy delivery algorithm delivers some 
form of anti-tachyarrhythmia therapy if a predetermined 
number of short intervals occur during a time period. It is 
understood the criteria used to classify the intervals as short 
for triggering delivery of anti-tachyarrhythmia therapy may 
be different from the criteria used for the long/short pattern 
recognition described above. In one embodiment, however, 
intervals are classified as short for determining whether anti 
tachyarrhythmia therapy should be delivered using the same 
criteria that result in a short classification for the pattern 
recognition described with respect to FIG. 4. 

In one example, the therapy delivery control module 250 
includes a tachyarrhythmia event counter 255, such as an 
up-down counter, for counting the occurrences of short inter 
vals. Thus, if the current interval is short, counter 255 is 
incremented, but if the current interval is not short, counter 
255 is decremented or held at its previous value. If counter 
255 reaches a value indicating that a sufficient number of 
short intervals have been detected during a desired time 
period, then anti-tachyarrhythmia therapy is delivered to the 
patient. 

Using the present system, however, if the current interval is 
short, but is preceded by a sufficient number of long-then 
short previous-current interval pairs during a period of time 
(such that the count value of counter 245 is equal to C), then 
the current interval is ignored by the therapy delivery algo 
rithm being executed by therapy delivery control module 250, 
Such as by not incrementing the tachyarrhythmia event 
counter 255. In another embodiment, the current interval is 
similarly ignored by portions of the therapy delivery algo 
rithm that control the delivery of bradyarrhythmia therapy 
pacing energy pulses. 

FIG. 5 is a state diagram, similar to FIG. 4, illustrating 
generally, by way of example, but not by way of limitation, 
another technique of controlling counter 245 based on the 
classifications of previous and current intervals. As illustrated 
in FIG. 5, more than two classifications may be used. In one 
embodiment, intervals are classified as either long, medium, 
or short by comparing the interval to predetermined compari 
son values T and T, where T-T Intervals shorter than T. 
are classified as “short,” intervals longer than T are classified 
as "long, and intervals longer than T but shorter than T are 
classified as “medium. In one embodiment, intervals equal to 
T are included in the “short' category and intervals equal to 
T are included in the "long category, however, Such inter 
vals could alternatively be included in the “medium' cat 
egory. In one embodiment, the values of T and T are user 
programmable, allowing adjustment of long and short classi 
fications to Suit the needs of the particular patient. 

FIG. 5 illustrates the states of the previous interval, i.e., a 
long state 400, a short state 405, and a medium state 500. 
Transitions between these states are indicated by arrows, with 
corresponding text describing how counter 245 is affected 
during such transitions. Transitions involving only the long 
state 400 or short state 405 areas described above with respect 
to FIG. 4. Transition 505 illustrates how counter 245 is 
affected for both long-then-medium and medium-then-long 
previous-current interval pairs. Transition 510 illustrates how 
counter 245 is affected for both medium-then-short and short 
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then-medium previous-current interval pairs. Transition 515 
illustrates how counter 245 is affected for a medium-then 
medium previous-current interval pair. For each of transitions 
505, 510, and 515, if the count value stored in counter 245 is 
greater than a predetermined value C, such as, for example, 
C=0, then counter 245 is decremented. Otherwise, the count 
value stored in counter 245 is equal to the predetermined 
value C, and the count value of counter 245 is not modified. 

FIG. 6 is a schematic drawing, similar to FIG. 2, illustrating 
generally, by way of example, but not by way of limitation, 
another embodiment of portions of device 105 including an 
atrial sensing circuit 600 and an atrial therapy circuit 605 
coupled by lead 610 to right atrium 200A for sensing signals 
or delivering stimulations or countershocks. FIG. 6 illustrates 
that the techniques described above can provide cardiac 
rhythm management therapy in first and second heart cham 
bers (e.g., right atrium 200A and right ventricle 205A), oper 
ating in any of the conventional dual-chamber pacing modes, 
in combination with sensing and therapy in a third heart 
chamber (e.g., left ventricle 205B) provided by circuits 
shared between the second and third heart chambers. Such 
pacing therapy may also be combined with anti-tachyarrhyth 
mia therapy (Such as anti-tachyarrhythmia pacing or a coun 
tershock) delivered to right atrium 200A, right ventricle 
205A, and left ventricle 205B. 

FIG. 7 is a schematic drawing, similar to FIG. 6, illustrating 
generally, by way of example, but not by way of limitation, 
another embodiment of portions of device 105 including an 
atrial sensing circuit 600 and atrial therapy circuit 605that are 
shared between regions associated with right atrium 200A 
and left atrium 200B, to which they are coupled by electri 
cally interconnected leads 610A and 610B, respectively. FIG. 
7 illustrates that the techniques described above can also 
provide cardiac rhythm management therapy in first and sec 
ond heart chambers (e.g., right atrium 200A and right ven 
tricle 205A) operating in any of the conventional dual-cham 
ber pacing modes, in combination with sensing and therapy in 
third and fourth heart chambers (e.g., left ventricle 205B and 
left atrium 200B) provided by circuits shared between the first 
and fourth (e.g., atria 200) heart chambers and the second and 
third (e.g., ventricles 205) heart chambers. Such pacing 
therapy may be combined with anti-tachyarrhythmia therapy 
(such as anti-tachyarrhythmia pacing or a countershock) 
delivered to any of the heart chambers. In FIG. 7, the tech 
niques discussed above for distinguishing between Ventricu 
lar events using pattern recognition are also used for distin 
guishing between atrial events. In this embodiment, device 
105 includes a separate atrial pattern recognition module 700, 
with associated third register 705, fourth register 710, and 
atrial pattern counter 715, which operate as described above 
with respect to the ventricles. Similarly, therapy delivery 
control module 250 includes an atrial tachy event counter 720 
that ignores the current interval when so directed by atrial 
pattern recognition module 700, as described above for the 
ventricles. 

CONCLUSION 

The above-described system provides, among other things, 
cardiac rhythm management system that recognizes patterns 
of interval durations, allowing it to distinguish between 
events occurring in different heart chambers, even though 
signals associated with those different heart chambers are 
processed using a commonly shared sensing circuit. The pat 
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tern recognition techniques allow the therapy delivery algo 
rithms to ignore intervals between cardiac events occurring in 
different heart chambers when determining a cardiac rate 
upon which the delivery of therapy is based. This reduces the 
risk of inappropriate delivery of therapy to the patient. For 
example, delayed conduction left ventricular beats are not 
erroneously recognized as a Subsequent right ventricular beat, 
preventing Such short intervals from inappropriately trigger 
ing a defibrillation countershock. 
The above description is intended to be illustrative, and not 

restrictive. Many other embodiments will be apparent to those 
of skill in the art upon reviewing the above description. For 
example, the physiology of the heart may result in a right 
ventricular contraction that is delayed from a left ventricular 
contraction. By interchanging the roles of the right and left 
ventricular events in FIG.3, for example, the above-described 
techniques can still be used to distinguish between intervals 
concluded by right ventricular events and intervals concluded 
by left ventricular events. Also, FIG. 3 was described prima 
rily in terms of sensed right ventricular events 300. However, 
such right ventricular events 300 could also include paced 
events, such as where a pace is simultaneously delivered to 
the ventricles 205, but fails to capture left ventricle 205B, 
resulting in a delayed conduction sensed left Ventricular event 
31 O. 

Moreover, although the therapy delivery algorithms were 
described above as ignoring the current cardiac interval if the 
pattern recognition criteria are met, in an alternate embodi 
ment, ignoring the current cardiac interval includes adding 
the time of the current cardiac interval to the time of the next 
cardiac interval. For example, if the period ts-ts of FIG. 3 is 
ignored, in one embodiment, the time ts-t is added to the 
time t, -ts in computing the duration of the next cardiac inter 
val. This recomputation of the next cardiac interval can be 
used, among other things, by the therapy delivery control 
module for computing a heart rate upon which therapy deliv 
ery is based. For example, in one embodiment, when the 
current interval is to-tz, a recomputed previous interval of 
t, -t is used rather than a previous interval of t, -ts, as 
described above. 

Also, the pattern recognition was described above as clas 
Sifying the current interval, with the interval retaining its 
same classification when the current interval is then stored as 
the previous interval. Alternatively, a separate classification is 
performed for the previous interval, allowing for the possi 
bility of different interval classification criteria for the previ 
ous interval, and reclassification of the current interval when 
it is stored as the previous interval. Such reclassification may 
be particularly useful in an embodiment using a recomputed 
previous interval, as described in the previous paragraph. 

Moreover, the controller 225 was described above as stor 
ing the interval duration in the first register 230 and second 
register 235. However, it is understood that in an alternate 
embodiment, other information is stored in the first register 
230 and second register 235, such as a code representing the 
classification (e.g., long, short, or medium) of the interval. 
Also, first register 230 and second register 235 could be 
combined with each other, or with another memory location; 
they are illustrated separately for conceptual clarity. 

Furthermore, the pattern recognition techniques were 
described above, for illustrative purposes, using an algorith 
mic approach. It is understood that the same techniques could 
alternatively be implemented using a neural network. The 
scope of the invention should, therefore, be determined with 
reference to the appended claims, along with the full scope of 
equivalents to which Such claims are entitled. 
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What is claimed is: 
1. A method of operating a pacemaker, comprising: 
Sensing right and left ventricular depolarizations through a 

single channel; 
implementing a programmable timing interval to deter 
mine that two successive ventricular events occur in 
different ventricular chambers; and 

delivering or withholding pacing therapy based on the 
determination that the two successive ventricular events 
occur in different ventricular chambers. 

2. The method of claim 1, implementing the programmable 
timing interval comprises comparing durations between car 
diac events to the programmable timing interval. 

3. The method of claim 2, wherein comparing the durations 
to the programmable timing interval comprises comparing 
the durations of previous and current interval to the program 
mable timing interval. 

4. The method of claim 2, wherein a duration between the 
cardiac events that is greater than the timing interval is clas 
sified as long and a duration between the cardiac events that is 
less than the timing interval are classified as short. 

5. The method of claim 1, further comprising initiating a 
refractory period following a ventricular depolarization. 

6. An implantable cardiac device, comprising: 
a sensing circuit configured to sense cardiac events through 

a single channel, the cardiac events including right and 
left ventricular depolarizations: 

a timer configured to implement a programmable timing 
interval between right and left ventricular depolariza 
tions; 

a pattern recognition module configured to use the timing 
interval to recognize a pattern of the durations of inter 
vals between the cardiac events; and 
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control circuitry configured to control delivery of cardiac 

therapy contingent on the recognized pattern; 
a therapy circuit configured to deliver cardiac therapy con 

tingent on whether or not two successive ventricular 
events occur in different ventricular chambers during a 
cardiac cycle. 

7. The device of claim 6, wherein the therapy circuit is 
configured to control delivery of pacing therapy to the right 
and left ventricles. 

8. The device of claim 6, wherein the controller is config 
ured to initiate a post-sense refractory period after detection 
of a ventricular depolarization. 

9. The device of claim 6, wherein the sensing circuit com 
prises a bifurcated lead coupled to both a right ventricular 
electrode and a left ventricular electrode. 

10. The device of claim 6, wherein the sensing circuit 
comprises: 

a right ventricular lead comprising a right ventricular con 
ductor that is attached to a first receptacle in a header of 
the medical device; and 

a left Ventricular lead comprising a left ventricular conduc 
tor that is attached to a second receptacle in the header of 
the medical device. 

11. The device of claim 10, wherein the right ventricular 
conductor is electrically coupled to the left ventricular con 
ductor within the header. 

12. The device of claim 6, wherein the sensing circuit is 
configured to sense right ventricular depolarizations via a 
right ventricular electrode and to sense left ventricular depo 
larizations via a left ventricular electrode and receives no 
other independent information in which the sensed signals 
originate. 


